With the deepening development of global value chains (GVC), a large number of foreign intermediate inputs have been integrated in the products production process of one country, thus the technology content of export products may not completely come from the home country. According to the new measurement based on production process, this paper calculates the domestic technology content of China's manufacturing industry from 2000 to 2014 by using the data of World Input-Output Database (WIOD). Furthermore, it has an empirical analysis of the effect of GVC position on domestic technology content using the panel data of China's 18 manufacturing industries. The results showed that: the technology content of the China's manufacturing exports are increasing, and the domestic technology content grows faster than overall technology content, which indicats that China's manufacturing industry has been upgraded and optimized in a certain way; However, there is still a certain gap between China's manufacturing technology content and the corresponding indicators of major developed countries; And the upgrading of GVC position of Chinese manufacturing industry can significantly improve the domestic technology content of manufacturing exports.
Introduction
The global value chains (GVCs) has gradually developed into a new and prominent feature of economic globalization and international division of labor. China's manufacturing industry actively participates in the division of labor in global value chains, and has already taken a big lead over other developing countries and even most developed countries in terms of industrial added value and total trade volume. Since 2013, China has surpassed the United States to become the world's largest country in the field of goods trade. China's total exports increased from 2.49 trillion US dollars in 2000 to 23 .43 trillion US dollars in 2014, with an average annual growth rate of 17.36%. China has become a veritable manufacturing exporter, but a large exporter is not corresponding to a strong exporter. Chinese enterprises continue to expand their domestic and foreign markets and give full play to the comparative advantages of low-cost labor, most of which are embedded in the low-end position of the value chain in the form of processing trade [1] . Lamy pointed out that in the context of the division of labor in the global value chains, "Made in China" does not reflect the its core nature, because there are many intermediate inputs such as raw materials and components imported from other countries or regions in China's export products, many of these intermediate products are actually made globally, assembled in China, which means China's export value added is not entirely created by China [2] . In 2015, the Chinese government put forward the national strategy of "Made in China 2025", and strived to make China transform from a large industrial power to a strong industrial power in 2025. "Made in China 2025" proposes that China's innovation capacity will be significantly enhanced by 2025, with some key areas of technology ranking at the forefront of the world, and its position in the global industrial division of labor and value chain will increase significantly. The report of the 19th CPC National Congress put forward a series of goals, including strengthening applied basic research; highlighting key common technologies, cutting-edge leading technologies, and modern engineering technologies; disruptive technological innovations; enhancing the construction of national innovation systems, and increasing technology content.
Therefore, the controversial topic about the technology content and structural upgrading of China's exports has been widely concerned by scholars. Some of them believe that China's export technology content has increased significantly, and some even believe that it has reached the level of developed countries. Rodrik and Schott grouped countries in the world according to the per capita GDP level, they found that China's export technology sophistication level is much higher than the world average, and their research conclusions have caused extensive discussion, known as "Rodrik Paradox" [3, 4] . Du Chuanzhong and Zhang Li calculated the complexity of export technology based on the vertical specialization division. The results show that the domestic technical complexity of China's exports has shown a steady growth trend [5] . Liu Lin and Sheng Bin measured the export domestic technological sophistication based on domestic value added, and found that China's export technological sophistication has steadily increased [6] . Other scholars believe that although the overall export technology content of China has improved in general, the upward trend is not obvious and even lower than the world average. There is still a significant gap compared with the developed countries in the same period. Xu thinks that the increase in the export technology sophistication of China is subtle. The reason for the serious mismatch between export sophistication and income level is that the export sophistication is generally overestimated [7] . Dai Xiang and Zhang Er-zhen analyzed the change trend of China's export technology level. The research pointed out that the export sophistication of China did not catch up with that of developed countries, and there was still a certain gap between the two, especially in the term of high-tech intensive export products [8] . Zhu Shujin and Zhang Penghui replaced the export sophistication by the standardization index of its absolute value, and calculated the domestic technology content and its contribution index of China's manufacturing export during the period of 1992-2010. The results show that the domestic technology content of China's manufacturing export showed the tendency of drop-rise, while the contribution index of the domestic technology contents tended to decrease during the sample period, which indicates that the contribution of domestic production technology level has not increased but decreased [9] .
Materials and Methods
The main reason for the above controversy is that different scholars use different measurement for technical content indicators.
Literature Review
Traditionally, analysis of the exports technology content has often been done in two ways: the first one is product (sector) classification method, that is, classifying the technical level of products according to internationally accepted standard classifications or product feature intensity characteristics. Pavitt originally used this method to study the technological evolution of the British industrial model, which divides products into labor-intensive, scale-intensive and resource-intensive [10] . Lall divides the standard international trade classification (SITC) three-digit products into resource-based, low-tech, medium-tech and high-tech products according to the technical content of the products (generally based on the parent company's R&D, patents, etc.) [11] . Ferrantino et al reclassifies the products according to the technical composition on the basis of the classification of six-digit products [12] . The other one is technological sophistication and improvement method. Technical complexity is an analytical indicator based on international trade product and national (regional) income (or production) data, and is currently the primary method to measure changes in a country's export technology structure. The export technology complexity index was first proposed by Michaely. He used the technology complexity index (TSI) to measure the level of trade specialization. This index assumes that the export technology level is related to the per capita GDP of the exporting country [13] . Therefore, the ratio of the export value of each country's products to the total exports of the world's products is used as the weight. The per capita GDP of each country is weighted to measure the level of export technology. On this basis, Lall et al. further elaborated on the method of "product technical complexity" and systematically analyzed its influencing factors and deficiencies [14] . Subsequently, a large number of studies focus on the selection of per capita income and weight variables in "technical complexity". Rodrik, and Hausmann et al. calculated the export technology complexity index by using the comparative advantage RCA index of export products of various countries instead of the export share of products as the weight of per capita income, and carries on the standardization processing [3, 15] . Fan Gang et al. introduced the comparative advantage index of products as the weight to construct the technical height index of China's export trade and import trade in 1995 and 2003 [16] . Du Xiuli and Wang Weiguo used the production share of products instead of export share as the weight to measure the technical structure of export trade [17] . Yao Yang and Zhang Wei took the influence of foreign intermediate investment into account, constructed the domestic technical content index of Chinese exports, and adopted the import ratio of China's input-output tables and intermediate products to eliminate the technical content of imported intermediate products for the final products [18] .
However, with the deepening of the integration of the world economy, great changes have taken place in the production process under the division of labor system in the global value chains. At present, most of the indicators for measuring the technology content do not consider the factors of the global value chains. Many scholars study the impact of participation in global value chains on the technological level of Chinese exports based on vertical specialization or GVCs embedding. Some scholars believe that GVCs embedding plays an essential role in pushing forward comparative advantage in developing countries and can promote its technological progress. Qiu Bin, and Ye Longfeng et al. used vertical specialization index to represent the global production network. The research shows that the global production network promoted the complexity of China's manufacturing exports, and there were significant industry differences in the degree of influence [19] . Liu Lin used the foreign additional value rate as the proxy variable for countries to participate in the global value chains. The results show that the global value chains had a significant positive impact on the technology content of exports [20] . Liu Weilin, and Li Lanbing et al. used the foreign value added rate of the industry to express the degree of industry embedding into the global value chains, and study its impact on the technical complexity of manufacturing export. The research shows that the foreign intermediate investment obtained by Chinese manufacturing industry through participating in the division of labor in global value chains promoted the complexity of export technology [21] . Wang Yuyan, and Lin Hanchuan et al. showed that GVCs embedding could promote technological progress and had an inverted U-shaped nonlinear relationship with technological progress. In the initial stage of embedding GVCs, Chinese enterprises can obtain technology spillovers and learning opportunities through process upgrades and product upgrades. Therefore, deepening the embedding degree of GVCs can promote the development of enterprises; once the enterprise has experienced more advanced functional upgrades and GVCs upgrades, it will touch the core interests of certain developed countries and suffer from blockades and suppression [22] .
In the background of the global value chains division system, only the technology content included in the domestic production link is the effective index to measure the actual technology content of a country's export product. This paper draws on Ni Hongfu based on the measurement method of production process [23] , removes the technical content of imported intermediate products from all technical content, and thus obtains the true domestic technical content. but the difference between this article and the Ni Hongfu is that: firstly, the total factor productivity (TFP) is used to replace the labor productivity to represent the technology content of the last production process. Because the production process involves the input of various production factors, labor is only a part of it, and labor productivity cannot fully represent the efficiency of production. Therefore, it is more scientific to use the total factor productivity to reflect the level of production technology. Secondly, the world input-output table data released by WIOD is used. The newly released WIOD data in 2016 provide input-output data from 2000 to 2014, covering more countries and departments. Based on this, the influence of GVC position on the technology content of China's manufacturing industry is explored.
Method for Technology Content Measurement
Ni Hongfu considered that the technology content of a product should be the sum of the technology content of the intermediate inputs in the production process and the final production process [23] . Thus, under the framework of the global input-output table, the total technology content of product i manufactured by country c should be the sum of the technology content of all intermediate inputs and the technology content of the final production process of country c, in which the technology content of the final process itself is expressed by the productivity of the production process. We use total factor productivity instead of labor productivity to represent the technology content of the final production process. The definition and calculation method of all technical content, domestic technical content and its index are as follows:
According to classic input-output model, it is generally assumed that the production function of various sectors in an economy is in Leontief form,
where c, s present country or region, i, j refer the production sector. x c i is product output of country c from sector i. z sc ji is the demand of sector i in country c for intermediate inputs from sector j of country s in order to manufacture its products, and a sc ji is the direct consumption of output from sector j in country s for country c to manufacture one unit of output from sector i. va c i is factor payment (labor and capital factor input). vt c i is the share of factor payment in total output, i.e., value-added ratio coefficient. Assume that the total technical content of a production sector is the weighted sum of the technical content of the intermediate inputs and the final production process, and the weights are the value of the intermediate inputs and the value added by the final production process as a percentage of the total output. Thus, we have:
where v c i is the total technology content of unit output of sector i in country c. a sc ji is the direct consumption of output from sector j in country s for country c to manufacture one unit of output from sector i (direct consumption coefficient of world input-output table), and t f p c i is total factor productivity of sector i in country c, that is technology content of final production process.
Then, we may obtain the following equation expressed in the form of matrix:
where V is the column vector of total technology content, namely total technology content of products in various sectors of each country. TFP is the column vector of technology content of final production process. VT is the column vector of value-added ratio coefficient. # is the multiplication of corresponding element. I is identity matrix. A is the direct consumption coefficient matrix in world input-output table.
Take two countries and two departments as an example, thus we obtain: 
The technology content from the domestic production process is defined as the domestic technology content of the product, so the domestic technology content of the sector i in country c can be defined as:
Next, export from a country's manufacturing industry (manufacturing industry export/total manufacturing export) is used as weight to define overall export technology content (MTV), domestic technology content (MTDV), and its index (MDTC) of manufacturing in country c, the calculation formulas are as follows:
where, λ c d is export share of product from sector d in country c, sector d belongs to manufacturing industry of country c, and there are d ∈ i.
This paper uses the methods of Lai and Zhu and Cheng Dazhong to calculate the total factor productivity (TFP) [24, 25] .We defined Z c it , L c it , K c it , α c it as the real value-added, labor input, capital input and labor share of sector i of country c in year t. N is the number of sample countries. We defined
Results of Export Technology Content
This paper measures the export technology contents of China's manufacturing industry during 2000-2014, which is based on the world input-output tables (WIOTs) released in 2016 and employment-related satellite account data, using the aforesaid new method for the technology content measurement, so as to offer a systematic analysis of Chinese manufacturing's export technology level and its changes from 2000 to 2014. , the domestic technology content showed an upward trend, which increased to 0.409 in 2014, 59.8 percentage points higher than in 2000. As mentioned by Du Chuanzhong and Zhang Li, the significant increase in the domestic technology level in China is due to the rapid improvement of China's economic development level (GDP per capita) and the gradual improvement of export trade structure [5] . In particular, the proportion of exports of medium and high-tech products has been rising, and the proportion of low-tech products exports has declined rapidly. By comparing the changes of the overall technology content and domestic technology content in China's manufacturing industry, it can be found that the growth rate of domestic technology content is faster than that of overall technology content, and this makes the gap between the two continue to decrease, which is also reflected by the trend of domestic technology content index. The domestic technology content index of China's manufacturing industry first decreased and then increased rapidly. From 2002 to 2004, the index decreased obviously, from 0.627 in 2002 to 0.558 in 2004, a decrease of 11 percentage points. The main reason is that after China joined the WTO in 2002, a large number of imported intermediate goods began to infiltrate into the domestic production process. In the early stage of integration into the division of labor system in global value chains. At that time, China's own technological innovation and creativity were still relatively weak. Therefore, the impact of foreign advanced technology has caused a sharp decline in the domestic technological content of China's manufacturing industry. However, in the following years, China's manufacturing industry has made unremitting efforts in many aspects, including learning, digesting and absorbing foreign advanced technologies, transforming domestically backward production technologies, and actively carrying out independent innovations, which have led to continuous upgrading of domestic production technologies, and domestic technical content index has shown a clear upward trend, from 0. 592 in 2000 to 0.781 in 2014, the growth rate reached about 32%. It shows that China's manufacturing industry has achieved its own technology upgrade.
Overall Technology Content of China's Manufacturing Exports

International Comparison of the Overall Technology Content of China's Manufacturing Exports
In this section, 10 countries were selected and compared horizontally with the technological content of Chinese manufacturing exports. These countries are: the major developed countries (US, Germany, UK, France, Japan), BRICS countries (Russia, India, Brazil) and typical Asian countries (Korea, Taiwan). Due to the limitation of the length of the article, we only selected 2000, 2008, and 2014 as the years of study. Table 1 shows the total technological content of the manufacturing industry in China and other representative countries, the domestic technological content, and their corresponding indexes. Countries with high levels of domestic technology exports in manufacturing are concentrated in developed ones. According to the MTDV of domestic manufacturing exports in 2014, the highest one is Germany, followed by the United States and Japan. This shows that countries with higher levels of economic development own relatively high technological content in their manufacturing exports Compared with other countries, the technological content of China's manufacturing industry in 2000 was at a relatively low level, only higher than Russia and India. In recent years, at the same time that China's economy has achieved leapfrog development, the domestic technological content of the manufacturing industry has also brought about development and catching up, rising from 31st in 2000 to 22nd in 2014. Comparing the technological content of manufacturing in China and developed countries, it can be found that China is far lower than the United States, Japan, Germany and other countries, both in terms of total technological content and domestic technological content. For example, in 2014, the overall technical content and domestic technical content of the U.S. manufacturing exports were 1.009 and 0.903, while China's corresponding indicators were 0.524 and 0.409. These two indicators of the United States are 1.926 and 2.208 times that of China, respectively. From the perspective of the domestic technology content index, developed countries such as the United States, Japan, and Germany are still much higher than China. Taking the 2014 domestic technology content index of the manufacturing industry as an example, the United States, Japan, Germany, and the United Kingdom are 0.896, 0.830, 0.746, and 0.755, respectively. The changes in the domestic technology content index of the manufacturing industries in these countries are relatively stable. The United States is basically stable at about 0.9, and Germany and the United Kingdom are basically stable at about 0.75. The domestic technology content index of China's manufacturing industry has increased significantly. By 2014, the index of China's was 0.781, surpassing Germany and the United Kingdom. Even so, there is still a certain gap between the total technological content and domestic technological content of China's manufacturing industry and the major developed countries. The main reason may be that China has actively participated in the international division of labor and gradually embedded in the global value chain through its low-cost advantages in land and labor. However, China is mainly engaged in the production of processing and assembly technology at a low-end position in the global value chain, and most of the intermediate inputs used in the production process of export products are imported from abroad.
Exports Technology Content of Chinese Manufacturing Subdivision Industry
We have further measured the overall technological content (V) and the domestic technical content (DV) of China's manufacturing exports from the industry level. For the ease of analysis, this paper refers to Dietzenbacher et al. classification method [26] to compare International Industry Classification Standard (ISIC) rev 4 and ISIC rev 3, and divides 19 manufacturing industries into three categories-labor-intensive, capital-intensive, tech-intensive manufacturing-according to factor density. See Table 2 for details. In the WIOD data, the statistical value of the 19th sub-industry (mechanical equipment repair manufacturing industry) of China's manufacturing industry is blank, so this paper uses the first 18 manufacturing industries for analysis. Table 3 shows the overall technology content (V) and domestic technology content (DV) of various manufacturing industries in China from 2000 to 2014. On the whole, between 2000 and 2014, the domestic technology content of China's overall industry showed a rapid growth trend. However, the total technology content of various industries showed different trends. However, in general, the gap between the total technology content of domestic exports and the domestic technology content gradually narrowed. It indicates that the export products of various manufacturing industries in China upgraded their own technology to varying degrees. From the average value of domestic technology content in various industries from 2000 to 2014, it can be seen that the top five industries with the highest technology content in China were the manufacture of basic metals (0.514), manufacture of motor vehicles, trailers, and semi-trailers (0.467), manufacture of other non-metallic mineral products (0.455), manufacture of other transport equipment (0.440), and manufacture of fabricated metal products (0.439); while the five industries with the lowest domestic technology content in China were: manufacture of computer, electronic, and optical products (0.347), manufacture of textiles, wearing apparel, and leather products (0.348), manufacture of furniture other manufacturing (0.353), manufacture of rubber and plastic products (0.373), and manufacture of food, beverages, and tobacco products (0.396).
The technology content of labor-intensive industries basically showed a wave-rising pattern. Among them, the fastest growing technical content was the manufacture of wood straw products, the overall technology content and domestic technology content increased by 27.10% and 50.32% respectively from 2000 to 2014. The technology content of capital-intensive industries and technology-intensive industries increased by a large margin. Only the total technology content of computer, electronic, and optical products manufacturing industry slowly decreased. From 2000 to 2014, the total technology content decreased by 7.41 percentage points, but its domestic technology content increased by 44 percentage points. The technology content of coke and refined petroleum manufacturing is the fastest growing in capital-intensive industries, from 2000 to 2014, the overall technology content and domestic technology content increased by 59.09% and 75.87%, respectively. When it comes to technology-intensive industries, the automotive, trailer, and semi-trailer manufacturing industries had the fastest growth rate in terms of total technology content, while the domestic technology content of other transportation equipment manufacturing industries had the fastest growth rate, with an increase of 65.76 percentage points.
By comparing the average value of the overall technology content and domestic technology content of the above three types industries, we can see that the overall technology content of tech-intensive manufacturing exports was the highest, followed by capital-intensive manufacturing industry, and labor-intensive manufacturing industry was the lowest. However, when it comes to the gap between the total technical content and the domestic technical content, the gap between the two was the largest among the exports of technology-intensive manufacturing, and the smallest among the labor-intensive manufacturing. This shows that the export products of technology-intensive industries added relatively high-tech foreign intermediate inputs in the process of integration into the international production division, so they were in a lower production position in the international industrial chain. After China's accession to the WTO, these three types of industries experienced varying degrees of decline. During the period of 2002-2004, the average overall technology content and domestic technology content of the labor-intensive industry decreased by 10.7% and 18.3% respectively. In the capital-intensive industry, the mean value of the overall technology content and the domestic technology content fell by 3.7% and 12.8%, respectively. These two indicators for technology-intensive industries are reduced by 0.7% and 11%, respectively. After 2005, the total technology content and domestic technology content of the three major industries have increased significantly.
Econometric Model
In this section, we build an empirical model framework and explain the variables used by the model, as well as the source of the data.
In order to study the influence of global value chain position on the domestic technology content of manufacturing export, this paper constructs the following measurement model:
where, is explained variable, which represent the domestic technology content of China's manufacturing industry export. The explanatory variable, GVC, is GVC position index. X is a set of vectors that will be added to other control variables: (1) R&D intensity (2) human capital (3) capital intensity (4) export volume (5) industry concentration (6) marketization level. The subscript i represents the industry, t represents the year, α is the constant vector, β is the coefficient, β z represents the coefficient vector, and ε is the random interference term.
Since participation in the global value chains can not only directly improve the technical level of export through the input of imports, but can also strengthen the absorptive capacity of imported technology through the combination with the R&D activities of domestic enterprises. To this end, the interaction between R&D and GVC is introduced to test this mechanism. So the econometric model is further extended as follows:
If β 2 is not significant, it shows that the R&D absorption capacity of domestic manufacturing industry export is weak, and it is unable to effectively absorb the advanced technology included in the value-added of imports through the R&D to promote the growth of export technology. Therefore, the result indicates that the technology diffusion of imported products is inconspicuous; If β 2 is significantly positive, it indicates that the export manufacturing industry has strong R&D absorption capacity, and it successfully absorbs the advanced technology contained in the imported products, thus promoting the growth of export technology complexity, which indicates that the diffusion effect of imported products is obvious. If it is significantly negative, it indicates that the R&D absorption capacity of export manufacturing industry is very weak, which not only fails to effectively absorb the advanced technology contained in import investors, but also produces the diffusion of reverse technology, excessive dependence on import investment and brain drain, etc., forming the "low-end locking" of the value chain.
Variable Selection
The explained variable, domestic technology content, is calculated according to the above part.
The Explaining Variable
The GVC position index in this paper proposed by Wang et al. is used to calculate the global value chain position of the manufacturing industry in China [27] . Specifically, first of all, according to the definition of Wang et al., the length of production is the average number of production stages between the primary inputs in a country-sector to final products in another country/sector: The numerical value can be expressed as the average number of times that the added value of the initial input in the production process is included in the total output of the final product. Then, on the basis of the decomposition model, the forward or backward sectors of a certain department are summed to obtain the forward contact production length (PLv_GVC) and the backward contact production length (PLy_GVC). PLv_GVC measures the average production length of domestic value-added embodied in intermediate products s from its first use as a primary input until its final absorption in final goods and services. PLy_GVC measures the average production length of foreign value-added embodied in intermediate imports from their first use as primary inputs until their final absorption into a certain country's production of final products (for its domestic use or exports). The average production line position in a global value chains can be defined as the ratio of the two production lengths:
where GVCPs is GVC position index, the value is near 1. The greater the value of the index, the more upstream is the country-sector. This index combines the concepts of upstreamness and downstreamness, and can accurately measure the relative position of the global value chains at the country-sector level. If country-sector A is more upstream than country-sector B, then country-sector B must be more downstream than country-sector A. In other words, the relative rankings of the country-sectors by these two measures are consistent with each other. This can solve the consistency problem of the production position indexes used in the current literature, such as the indexes proposed by Fally and the Down measure proposed by Antras and Chor [28, 29] .
Control Variables
The way in which the global value chains affect the technical structure of export products is mainly processing trade and FDI. If the variable FDI is introduced into the empirical model, it is very likely to cover up the impact of global value chains on the export technology content. Therefore, this article refers to Qiu Bin et al.: FDI will not be included in the model [19] .
Research and development intensity (RD). The scale of research and development (R&D) activities shows the extent of a country's investment in scientific research and technological development, which is an important indicator of a country's scientific and technological strength and core competitiveness. A large amount of R&D expenditure can not only promote the development of science and technology in a country, accelerate the continuous upgrading of technology and products, optimize the industrial structure and improve the economic growth model; it can also promote technological innovation, accelerate the diffusion of new technologies, and improve the technical level and competitiveness of various industries within the country. Thereby improve the overall strength of the national economy. Typically, the technological progress of the industry with high R&D intensity is faster and the export technology content is higher. This paper uses the proportion of R&D expenditures in various industries in its main business to express the R&D intensity.
Considering the lag of R&D, R&D investment in various industries cannot be immediately transformed into productivity. The process from the R&D investment to the development of new technologies to the final application of new technologies is long, that is to say, the role of intellectual capital is lagging [30] ; therefore, this paper will adopt the first-order lag form of R&D intensity in the regression equation.
Human capital (HU): Human capital is one of the important elements that promote technological progress. Human capital can improve the skills of workers and improve the absorption of advanced technology "technical spillovers", which in turn will increase the export technology content. On the one hand, the growth of human capital can improve the efficiency of capital utilization. On the other hand, the growth of human capital is itself a manifestation of technological progress. Both capital utilization efficiency improvement and technological progress are important driving forces for promoting the quality of manufacturing supply. At present, there are many indicators of human capital and the standards of these indicators are not uniform, such as wage levels, education years, and the proportion of scientific and technical personnel. Combined with the research in this paper, and considering the price distortion in China's factor market, the wage level cannot accurately reflect the human capital situation of various industries. This paper refers to the practice of Li Xiaoping and uses the proportion of scientific and technological personnel to the employees [31] .
Capital intensity (KL): In general, capital-intensive industries own a larger number of machinery and more advanced technology. But is the higher capital-intensive industry better? Lin Yifu and Zhang Pengfei put forward the problem of suitable technology [32] . They believe that the most appropriate (excellent) technical structure of a country should be determined by the country's factor endowment structure. For developing countries, capital-intensive industries may not adopt the country's most appropriate technology and will not bring higher profit levels to the country. According to the classic comparative advantage theory, based on China's current labor endowment characteristics, China should have a significant export comparative advantage in labor-intensive industries. However, due to the stimulation of GDP growth competition, local governments in China may prefer to implement various preferential policies for capital-intensive industries, which will lead to distortion of the export advantages of capital-intensive industrial enterprises and impact on the complexity of their export technologies [21] . Therefore, this paper uses the ratio of the net value of the fixed assets after the deflator to the number of employees at the end of the year to express the capital intensity.
Export scale (EX). In international trade, in order to obtain cheap products from developing countries, developed countries often provide corresponding technologies and production equipment, which indirectly promotes the upgrading of product technology in developing countries. Therefore, as the scale of trade expands, the links between enterprises in developing countries and developed countries will be further strengthened, and the technological upgrading process of enterprises will be further accelerated. However, expanding the opening of the industry is a "double-edged sword" for developing countries. On the one hand, they can obtain technical support from abroad, on the other hand, developing countries may suffer technological advances in their domestic industries due to the squeeze and blockade of developed countries. This paper uses the ratio of industry export delivery value to total industry output value to represent the export scale of a country.
Industry concentration (CON). Industry agglomeration is a potential driving factor for technology upgrades. The concentration of the industry can play a role in improving the competitiveness of the industry and help to form an external scale economy; however, excessive industry concentration may hinder innovation and create monopoly, which makes the industry less competitive and therefore not conducive to technological progress. This paper uses the prime operating revenue of large and medium-scale industrial enterprises to account for the proportion of the prime operating revenue of the industry.
Marketization level (MA). The reform of the property rights system and the development of the private economy are conducive to the improvement of the market economy system. The higher the level of marketization, the less the government's intervention in the industry, that is, the less institutional constraints, which will break the monopoly of state-owned enterprises and promoting technological progress. Therefore, this paper uses the marketization level of the industry to measure the quality of the industry system, and the total output value of state-owned and state holding industrial enterprises accounts for the proportion of total industrial output value.
Data Sources
The data used in this paper are from WIOD, China's Industrial Statistics Yearbook and China statistical yearbook on science and technology. Specifically, the calculation of domestic technology content and the GVC position index are from WIOD data, and the data used are from the 2016 world input- output table and socio-economic account table newly released The industry classification standards used by WIOD are not the same as those used in China Statistical Yearbook. WIOD input-output table adopts ISIC Rev4.0 industry classification standard, while in the period of 2000-2014, China's industry classification method has formulated and revised three standards-GB/T 4754-1994, GB/T 4754-2002 and GB/T 4754-2011-among which the manufacturing industry includes 13-43 categories. In order to ensure the continuity of the statistical caliber, and considering the availability and integrity of the data, this article will exclude the following two industries from the manufacturing industry: "crafts and other manufacturing" and "disused resources and waste materials recycling industry". Then, according to the name of each industry and its subdirectory, the manufacturing industry of each statistical yearbook in China is matched to the WIOD industry classification. Considering that there may be heteroscedasticity, all variables are presented in logarithmic form. All statistics of major variables see Table 4 . 
Empirical Analysis and Results
The Ordinary Least Squares regressions, namely OLS, estimation method of panel data usually faces some problems, such as disturbance autocorrelation, and some regression variables are not strictly exogenous. In addition, enterprises' exports often have a characteristic called sustainability. This is still the case from the perspective of changes in export technology content. Therefore, the current domestic export of technical content may be affected by the export of domestic technology in the previous period. Therefore, the lag term of the export technology content is included as one of the explanatory variables into the measurement model. Since the explanatory variable contains the first-order lag term of the interpreted variable, it is related to the disturbance term; at the same time, there may be a reverse causal relationship between the export technology content and other variables. The existence of endogenous problems may cause the general least squares method to produce poor results of "dynamic panel estimation errors". In order to solve this problem, we usually introduce instrumental variables, which can effectively overcome the endogeneity of variables to a certain extent, but it depends largely on the choice of instrumental variables. Typically, the choice of instrumental variables in empirical research is a very difficult problem. While the Gaussian Mixture Model, namely GMM, can effectively solve this problem, especially when the econometric term of the explained variable is included in the econometric model. Therefore, this paper uses a first-order differential GMM estimation method to avoid endogeneity problems.
The consistency of GMM estimates depends on the validity of the instrumental variables. There are two test methods in the GMM estimation to test the validity of the instrumental variables. The first one is an over-identified constraint test, also known as the Sargan test or the Hansen test, which tests the validity of the instrumental variables used. The null hypothesis is that all instrumental variables are not related to the error term. The second test is the autoregressive (AR) test, which assumes that there is no second-order sequence correlation in the error term of the first-order difference equation. In the process of building the model, the difference term of the error term allows first-order sequence correlation, but prohibits second-order sequence correlation. At the same time, in order to solve the possible heteroscedasticity, the standard error of the parameter estimates uses a robust estimator. Table 5 gives the full sample regression results. All estimates are one-step robust estimators. Among them, the last three rows of Table 5 list the main model setting test results: Arellano-Bond AR (2) statistic were not significant, indicating that there was no sequence correlation problem in these models, The P value calculated by the Hansen test fell in the range of 0.1 to 0.25, indicating that the instrumental variable selection was valid. From the regression results reported in Table 5 , it can be seen that the coefficient of the first order lag of domestic technology content was positive. All of them passed the significance test, which indicates that the domestic technology content of export in the early stage had a significant impact on the current period, and the domestic technology content of China's manufacturing industry had the characteristics of "persistence". The coefficient of GVC position was positive, all of which passed the significance test. The results show that GVC position had a significant positive impact on the domestic technology content of manufacturing exports, and the improvement of global value chain position could significantly improve the domestic technology content of manufacturing industry. This is mainly due to two reasons: on the one hand, the participation of Chinese companies in the global value division of labor can learn, imitate and absorb the existing technologies of developed countries at a lower cost; on the other hand, it can accept the technology spillovers of high-demand and high-standard multinational companies, so as to achieve the purpose of improving their own technical level and management level.
The RD coefficient was significantly negative, indicating that there was a negative correlation between R&D intensity and domestic technology content, and the results are contrary to expectations, but consistent with Yao Yang and Zhang Qi, Li Xiaoping, and Zhu Zhongdi, Wang Yuyan, which may be related to the imperfect market environment in China at present. As China has not yet established a sound market economy system, coupled with the inappropriate investment and structure of enterprises, many companies are unable to effectively allocate RD inputs and utility among various industries. This phenomenon is particularly evident in the highly competitive international market. Under such circumstances, the dynamic allocation effect of resources will be distorted, resulting in inefficient use of resources, which may lead to the negative impact of domestic R&D expenditure on technology content. However, the coefficient of the first order lag variable of RD was significantly positive, and the R&D investment had a lag effect on the improvement of domestic technology content in the export industry.
The HU coefficient of human capital was significantly positive. Areas rich in human capital were more likely to attract the inflow of advanced technology. The promotion of human capital was easier to promote the emergence of technological progress as well, which led to the improvement of the quality of manufacturing supply. In addition, increasing the proportion of R&D personnel was also one of the important factors to enhance the domestic technology content of China's manufacturing exports.
The export scale EX and industry concentration CON coefficient were significantly negative, indicating that the expansion of export scale and increase of industry concentration were negatively related to the increase in domestic technological content. The possible reasons are as follows: most of China's exports are labor-intensive or low-tech products. The technological change of these products is slow. However, China has the advantage of labor cost, and most companies that export labor-intensive products have no incentive to improve their technology. Therefore, exports are not conducive to the improvement of technological content. The higher the concentration of the industry, the more market tends to monopolize, and the resulting lower industry competition will not be conducive to technological progress, ultimately, the domestic technical content of China's products cannot be improved.
The capital intensity and market coefficient were negative, but not significant, which indicates that the increase in capital density may have hindered the improvement of domestic technological content in China's manufacturing industry. The reason that may lead to this result is that due to excessive investment and competition, the company's technology choices show problems such as the deviation of capital substitution labor, which leads to sustained and significant deterioration of investment returns. That is to say, the deepening of capital reduces the technical efficiency, which in turn hinders the improvement of the domestic technological content of the domestic manufacturing industry. This is consistent with Zhang Jun's view that capital deepening delays technological progress. The reform of the property rights system can promote technological progress, but the market mechanism based on large state-owned enterprises is not conducive to the formation of effective market competition, because large state-owned enterprises generally lack innovation due to their monopolistic advantages. In addition, there exists strict requirements for technology introduction in state-owned enterprises, so it is difficult to efficiently absorb technology spillovers from foreign companies. Model (7) added the intersection of GVC and R&D, but the coefficient of this item was not significant. It shows that the R&D absorption capacity of domestic manufacturing industry was weak, and the advanced technology embedded in the added value of imports through the R&D channel was not realized, so as to achieve the purpose of promoting the growth of export technology. Therefore, the technology diffusion effect of imported products was not obvious; it also shows that the coefficient symbols and significance of other control variables did not change substantially, indicating that the previous regression results are robust and reliable.
Conclusions and Recommendations
Based on the measurement method of production process, this paper calculates the overall technology content, domestic technology content, and domestic technology content index of manufacturing exports in China. The research results show that the overall technical level of China's manufacturing industry is constantly improving. Specifically, the total export technology content and domestic technology content of China's manufacturing industry have shown a continuous growing trend, and the gap between the two is constantly shrinking. Meanwhile, the total technical content and domestic technical content of various industries in the manufacturing industry have shown a growth trend. It can be seen that China's manufacturing industry has reflected its own technological improvement to a certain extent. As for the difference of factor density, the technology content of technology-intensive manufacturing industry is relatively high, but its gap between the overall technology content and the domestic technology content is the largest among all the industries. This reflects the problem that technology-intensive manufacturing is highly dependent on intermediates and therefore has the lowest contribution to domestic technological progress.
Furthermore, using panel data from 18 manufacturing industries in China from 2000 to 2014, this paper empirically examines the impact of global value chain position on domestic technology content of manufacturing exports. The results show that the upgrading of the position of Chinese manufacturing industry in the global value chains can significantly improve the domestic technology content of manufacturing exports. In addition, the empirical study also finds that the use of traditional factors such as human capital can promote the domestic technology content of exports, while the expansion of export scale and the increase of industry concentration will hinder the improvement of domestic technology content of manufacturing exports. Other variables such as capital intensity and marketization did not show significant impact on export technology content.
Based on the above results, China should actively participate in global production and enhance the level of production technology in China by upgrading the position of global value chains. It is also necessary to create a positive environment for manufacturing enterprises to participate in the global production value chain, and provide external conditions for manufacturing enterprises to improve the division of labor in the industrial chain. Local enterprises should also be encouraged to further integrate into the international division of labor system, obtain effective technology spillovers through "learning by doing", and gradually improve the domestic technology content of exports.
Additionally, we should increase the innovation and R&D investment in the development of manufacturing industry in our country, adjust the investment structure distribution mechanism of R&D in our country. At the same time, it is necessary to increase investment in basic R&D to improve R&D investment efficiency, and promote R&D investment and effective allocation of resources. In addition, multi-channel incubation centers should be established to promote the transformation of existing scientific research results. What is more indispensable is to stimulate the vitality of human capital and innovative talents to ensure the technological progress and international competitiveness of China's manufacturing industry.
Moreover, enterprises should attach importance to the training of human resources, increase the intensity of staff training, encourage education, and introduce highly educated talents. In addition, we also need to learn the advanced production methods and management experience of foreign-funded enterprises, and obtain technological advancement through the technology spillover effects of foreign-funded enterprises. On this basis, we should actively explore and forge ahead, form Chinese-style innovation, actively develop our core technologies, and improve our core competitiveness. 
